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(54) LIQUID CRYSTAL MATERIAL FOR OPTICAL MODULATION ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a liquid crystal 
material which can develop a blue phase over such a 
sufficiently wide temperature range as being supplied for 
practical uses as optical modulation elements. 
SOLUTION: This liquid crystal material for optical 
modulation elements comprises the blue phase of a 
composite liquid crystal composition (polymer 
network/low molecular liquid crystal) which comprises a 
low molecule liquid crystal capable of developing the blue 
phase between a cholesteric phase and an isotropic 
phase, and a polymer network formed in the low 
molecule liquid crystal by polymerizing an amorphous 
monomer (for example, an alkyl group side chain-having 
acrylate-based monomer) together with a crosslinking 
agent. The liquid crystal material for optical modulation 
elements is produced by dispersing the monomer and 
the crosslinking agent in the jow molecule liquid crystal 
and then polymerizing the dispersion at a temperature 
holding the blue phase. Thus, such the liquid crystal 
material that the developed temperature of the blue phase is ranged in 
60° C nipping room temperature can be obtained. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The liquid crystal ingredient for optical modulation elements characterized by 
consisting of blue phases of the multicomputer system liquid crystal constituent which consists 
of the macromolecule network which is a macromolecule network formed into the low-molecular 
liquid crystal which may discover a blue phase between a cholesteric phase and an isotropic 
phase, and this low-molecula^jpuid crystal, and was formed when the monomer of non-liquid 
crystaiiiriit^'carried out^alpolymerization with a cross linking agent (a macromolecule network / 
low-molecular liquid crystal). 

[Claim 2] The liquid crystal ingredient for optical modulation elements according to claim 1 
characterized by the monomer of non-liquid crystalliriity being an acrylate system monomer 
which has an alkyl group as a side chain. 

[Claim 3] (A macrpmolecule network / low-molecular liquid crystal) The liquid crystal ingredient 
for optical modulation elements according to claim 2 with which manifestation temperature width 
of face of the 'blue phase of a multicomputer system liquid crystal constituent is characterized 
by continuing for 60 degrees C or more which sandwiches a room temperature. 
[Claim 4] The approach characterized by including the process which performs a polymerization 
to the bottom of the temperature at which it is the approach of manufacturing the liquid crystal 
ingredient for optical modulation elements according to claim 1 to 3, a monomer and a cross 
linking agent are distributed in low-molecular liquid crystal, and the blue phase is held. 
[Claim 5] The manufacture approach of the liquid crystal ingredient for optical modulation 
elements according to claim 4 characterized by performing a polymerization according to 
photopolymerization. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention belongs to the technical field of the light modulation using 
liquid crystal, and relates to a suitable new liquid crystal ingredient to be especially used as an 
optical modulation element, and its producing method. 
[0002] 

[Description of the Prior Art] In luminous intensity or a polarization condition, it is highly precise 
and the high speed and the component (optical modulation element) to control are indispensable 
in an optical-information-processing technique. The inorganic single crystal in which the electro- 
optical effect is shown as an optical modulation element has so far been used mainly. However, 
generally, the inorganic single crystal is expensive, and since it is deficient in the degree of 
freedom of a configuration, the cheap and small optical modulation element using liquid crystal 
attracts attention in recent years. Although liquid crystal shows a big birefringence and the 
variegated electro-optical effect, since a speed of response needs low things and a low 
polarizing plate, losing the abbreviation one half of the transmitted light poses a problem. 
[0003] A blue phase (Blue Phase: it may outline Following BP) is one of the liquid crystal phases 
which have appeared in the several degrees C (generally 1 -3 degrees C) temperature 
requirement between a cholesteric phase and an isotropic phase (temperature width of face), 
and originating in the body-centered cubic lattice (BPI) of the lattice constant of several 100nm 
order or formation of three-dimensions period structure like simple-cubic-lattice (BPII) 
structure is known. To the light, BP shows Bragg reflection and optical activity and shows the 
unique electro-optics property that the angle of diffraction and polarization condition of incident 
light can be changed in the response time of microsecond order by the place outside electric 
field, a field, etc. Therefore, the speed of response which easily endures the conventional liquid 
crystal modulation element, and various functions light modulation are possible for the liquid 
crystal in which BP is shown. However, since BP discovers only in the only 1-3-degree C 
temperature requirement between a cholesteric phase and an isotropic phase, that temperature 
control with a precise component is needed poses a problem, and the optical modulation element 
which consists of BP liquid crystal has not yet resulted in utilization. 
[0004] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is to develop the new 
liquid crystal ingredient which can discover a blue phase over the temperature requirement large 
enough with which practical use can be presented as an optical modulation element. 
[0005] 

[Means for Solving the Problem] this invention person is [0006] which succeeded in making the 
manifestation temperature requirement (temperature width of face) of a blue phase expand 
sharply, and drew this invention by making the network of the macromolecule of the monomer 
origin of specific structure form into the low-molecular liquid crystal in which a blue phase is 
shown, as a result of repeating examination. It is the macromolecule network formed into the 
low-molecular liquid crystal to which this invention may discover a blue phase between a 
cholesteric phase and an isotropic phase in this way, and this low-molecular liquid crystal, and 
the liquid crystal ingredient for optical modulation elements characterized by consisting of blue 
phases of the multicomputer system liquid crystal constituent which consists of the 
macromolecule network formed when the monomer of non-liquid crystallinity carried out a 
polymerization with a cross linking agent (a macromolecule network / low-molecular liquid 
crystal) is offered. If this invention is followed, it is the approach of manufacturing the further 
above-mentioned liquid crystal for optical modulation elements, and a monomer and a cross 
linking agent will be distributed in low-molecular liquid crystal, and the approach characterized by 
including the process which performs a polymerization to the bottom of the temperature at 
which the blue phase is held will be offered. 
[0007] 
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[Embodiment of the Invention] The multicomputer system liquid crystal constituent with which 
the suitable liquid crystal ingredient of this invention to be used as an optical modulation element 
is known until now (a macromolecule network / low-molecular liquid crystal) consists of BP(s) 
(blue phase) discovered with the multicomputer system (macromolecule network / low-molecular 
liquid crystal) liquid crystal constituent new type based on the technical thought of another **. 
That is, although the multicomputer system liquid crystal constituent with which the network 
structure of the macromolecule of a minute amount is formed into low-molecular liquid crystal (a 
macromolecule network / low-molecular liquid crystal) is well known as one of the PDLC 
(Polymer Dispersed Liquid Crystal) modes which are the liquid crystal mode used as a display 
device (display) etc., the structure in this invention (a macromolecule network / low-molecular 
liquid crystal) differs from such a conventional thing. In the multicomputer system 
(macromolecule network / low-molecular liquid crystal) liquid crystal constituent known from the 
former, the array of a liquid crystal phase is stabilized in itself as a monomer molecule used as 
the raw material of the polymer which forms a network by forming a macromolecule network 
using what is liquid crystallinity and has low-molecular liquid crystal and compatibility. 
[0008] On the other hand, when this invention carries out the polymerization of the monomer 
molecule with low compatibility to low-molecular liquid crystal and makes a macromolecule 
network form, it is based on the fact that the temperature requirement where BP is discovered 
is expanded. :BP by which this is understood as what is depended on the following reasons is in 
the line defect and coexistence condition of molecular arrangement, and since the energy which 
generates a defect is large, BP is discovered at a high energy condition, i.e., very few 
temperature requirements directly under an isotropic phase. If what has low-molecular liquid 
crystal and compatibility low as a monomer is used, a monomer molecule is condensed by the 
line defect of BP of this low-molecular liquid crystal, the macromolecule network corresponding 
to the structure of the line defect of BP is formed of a polymerization, the amount of the energy 
which generates the line defect of BP falls by this, the line defect of BP is generated more also 
in a low-temperature region, and the manifestation temperature requirement of BP will be 
expanded. 

[0009] The monomer used for forming a macromolecule network in the liquid crystal ingredient 
for optical modulation elements of this invention in this way is a monomer of non-liquid 
crystallinity. Here with the monomer of non-liquid crystallinity used in this invention It is the 
monomer which can carry out a polymerization by photopolymerization or thermal polymerization, 
the molecular structure (for example, ends, such as a biphenyl radical or a.biphenyl cyclohexyl 
radical, — an alkyl group — ) of the shape of a rod which presents the liquid crystal known well 
Although the monomer which carries out the designation of the monomer which does not have 
the molecular structure to which the cyano group, the fluorine, etc. were attached, for example, 
contains polymerization nature machines, such as an acryloyl radical, a methacryloyl radical, a 
vinyl group, an epoxy group, a fumarate radical, and a cinnamoyl radical, in the molecular 
structure is mentioned It is not restricted to these. 

[0010] An example desirable as a non-liquid crystallinity monomer used for forming a 
macromolecule network in the liquid crystal ingredient for optical modulation elements of this 
invention is an acrylate system monomer which contains an acryloyl radical or a methacryloyl 
radical in the molecular structure, and especially a desirable thing is an acrylate system 
monomer of branching structure which has an alkyl group as a side chain. Generally, an alkyl 
group is an alkyl group of carbon numbers 1-4, and the monomer which has one side chain which 
consists of such an alkyl group even if few per monomeric unit is used for it. When a 
macromolecule network is formed from the monomer which does not branch even if it is the 
monomer which has the molecular structure of non-liquid crystallinity, it is found out that the 
expansion effectiveness of the temperature width of face which discovers BP is small. As a 
suitable example of the acrylate system monomer which has cyclohexyl acrylate etc. as a 
suitable example of an acrylate system monomer, and has an alkyl group as a side chain, 2- 
ethylhexyl acrylate, 1 and 3, 3-tri methyl hexy I acrylate, etc. can be mentioned. 
[0011] A macromolecule network will be formed by presenting a polymerization with the 
monomer on ** with a cross linking agent. Any of the compound of liquid crystallinity or non- 
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liquid crystallinity are sufficient as this cross linking agent, and it should just use what has the 
Weactant part which combines between that monomer molecule corresponding to the used 
monomer, and can form network structure. For example, when using an acrylate system 
monomer as a monomer according to the desirable mode of this invention, the diacrylate 
monomer of liquid crystallinity can also be used as a cross linking agent. However, if the 
concentration of a cross linking agent is too low, since BP (blue phase) will not be discovered or 
the manifestation temperature requirement (temperature width of face) will become narrow, not 
using a cross linking agent, it is required to use the cross linking agent of an amount enough. 
Moreover, the concentration of a macromolecule network is also important and it is also required 
to form enough the macromolecule network where a continuity is high using the monomer and 
cross linking agent of an amount for making large manifestation temperature width of face of BP 
(refer to the below-mentioned example). 

[0012] The low-molecular liquid crystal which constitutes the multicomputer system liquid 
crystal constituent in the liquid crystal ingredient of suitable this invention to be used as an 
optical modulation element (a macromolecule network / low-molecular liquid crystal) may 
discover a blue phase between a cholesteric phase (chiral nematic phase) and an isotropic 
phase. By itself having chirality (chirality) by existence of an asymmetrical atom, or adding the 
chiral matter (chiral dopant) including the molecular structures, such as a .biphenyl, terphenyl, 
and biphenyl cyclohexyl, such low-molecular liquid crystal is the matter which may discover a 
cholesteric phase (chiral nematic phase), and is chosen from that from which the pitch length of 
the whorl in the cholesteric phase (chiral nematic phase) is set to about 500nm or less. While 
such liquid crystal discovers a cholesteric phase (chiral nematic phase) at low temperature and 
discovering an isotropic phase at an elevated temperature from it, discovering a blue phase in 
few temperature fields between a cholesteric phase (chiral nematic phase) and an isotropic 
phase is known. As for these low-molecular liquid crystal, generally, it is desirable to mix and use 
two or more classes. 

[0013] The liquid crystal ingredient for optical modulation elements of this invention consists of 
blue phases of the multicomputer system liquid crystal constituent which consists of the low- 
molecular liquid crystal on **, and a macromolecule network (a macromolecule network / low- 
molecular liquid crystal). The blue phase of this (a macromolecule network / low-molecular liquid 
crystal) multicomputer system liquid crystal constituent distributes a monomer and a cross 
linking agent in low-molecular liquid crystal, and is obtained by performing a polymerization 
reaction to the bottom of the temperature at which the blue phase is held. 
[0014] It can check that the blue phase is held by the observation by the polarization 
microscope, and measurement of a reflectance spectrum. That is, if the blue phase has 
appeared, blue and yellow-green platelets (scutellum-like organization) characteristic of a blue 
phase will be observed by the polarization microscope, and a peak will be accepted in a 
reflectance spectrum in the wavelength of about 550nm corresponding to this yellow-green 
platelets. 

[0015] Although either thermal polymerization or photqpolymerization can perform a 
polymerization, since a limitation is located in the range with which the temperature at which a 
blue phase is held, and polymerization temperature (whenever [ stoving temperature ]) lap in the 
case of thermal polymerization and the gestalt of a macromolecule network may change with 
heating, being based on photopolymerization using ultraviolet radiation is desirable. Moreover, in 
order to speed up a rate of polymerization on the occasion of a polymerization, it is desirable to 
also distribute a polymerization initiator in low-molecular liquid crystal in addition to a monomer 
and a cross linking agent. As a photopolymerization initiator, various kinds of initiators, such as 
an acetophenone system, a benzophenone system, a benzoin ether system, and a thioxan ton 
system, are usable, and, specifically, a 2 and 2-dimethoxy-2-phenyl acetophenone etc. can be 
illustrated. Furthermore, as mentioned already, it may be necessary for low-molecular liquid 
crystal to add the chiral dopant for making a chiral nematic phase discover. 
[0016] In order to produce the liquid crystal ingredient which consists of the blue phase of a 
multicomputer system (macromolecule network / low-molecular liquid crystal) liquid crystal 
constituent in this way according to this invention ** — above — the inside of low-molecular 
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liquid crystal — a monomer and a cross linking agent — further : with which iryects into a 
suitable eel the mixed solution which distributed the polymerization initiator and the chiral 
dopant if needed, and a polymerization reaction is presented as follows — first It checks like 
previous statement being the temperature fall or that carried out the temperature up and BP 
(blue phase) is discovered by polarization microscope observation and/or reflectance spectrum 
measurement for the sample before a polymerization (mixed solution). Next, if ultraviolet 
radiation is irradiated and yellow-green brightness becomes strong when it is admitted in a 
sample from the temperature at which BP manifestation was checked the temperature up or that 
the temperature was lowered and the yellow-green brightness of platelets became weak 
(polarization microscope observation and/or reflectance spectrum measurement), an ultraviolet 
radiation exposure will be suspended. Then, if a temperature up is carried out, ultraviolet 
radiation is further irradiated in a temperature fall or the temperature to which the yellow-green 
brightness of platelets became weak again and the yellow-green brightness of platelets becomes 
strong about a sample, an ultraviolet radiation exposure will be suspended, the temperature 
(temperature to which the yellow-green brightness of platelets becomes strong) which repeats 
this actuation and discovers BP — low-molecular liquid crystal — about [ BP manifestation 
temperature of an independent system, and ] — after doing one, a polymerization is made to 
complete further by irradiating fixed time amount (for example, 1 hour) ultraviolet radiation 
Although the above actuation is based on photopolymerization, when based on thermal 
polymerization, a polymerization can be performed by maintaining a system under the 
temperature to which BP manifestation is similarly checked by polarization microscope 
observation and/or reflectance spectrum measurement, and a polymerization reaction advances. 
[0017] The liquid crystal ingredient of this invention which consists of blue phases (BP) of the 
multicomputer system liquid crystal constituent obtained by the above polymerization reactions 
(a macromolecule network / low-molecular liquid crystal) presents a stable blue phase over a 
very large temperature requirement (temperature width of face). For example, there are some 
which can discover BP covering temperature width of face of 60 degrees C or more on both 
sides of a room temperature (15-25 degrees C) in a liquid crystal ingredient including the 
macromolecule network formed from the acrylate system monomer which has the alkyl group 
side chain which is the desirable example of this invention. It can check by the polarization 
microscope observation and reflectance spectrum measurement which also mentioned already 
BP manifestation of the obtained liquid crystal ingredient. 
[0018] 

[Example] This invention is not restricted by these examples, although an example is shown 
below in order to clarify the. description of this invention still more concretely. 
Example 1 : The 2-ethylhexyl acrylate (2EHA) (product made from Aldrich) of non-liquid 
crystallinity, hexyl acrylate (HA), (the product made from Aldrich) and 1 and 3, 3-trimethylhexyl 
acrylate (TMHA) (product made from Aldrich), and 6-(4'-cyano biphenyl-4-yloxy) hexyl acrylate 
(6CBA) of liquid crystallinity were used as a production photopolymerization nature monomer of 
a liquid crystal ingredient. The 2 and 2-dimethoxy-2-phenyl acetophenone (product made from 
Aldrich) was used as a cross linking agent as a liquid crystallinity diacrylate monomer (RM257) 
(product made from Merck), and a photopolymerization initiator, as low-molecular liquid crystal - 
- a fluorine system — nematic — liquid crystal mixture JC-1041 — XX (7) (Chisso Corp. make) 
and cyano — what mixed the biphenyl system nematic liquid crystal 4-cyano-4-pentyl biphenyl 
(5CB) (product made from Aldrich) by equimolar — using — as a chiral dopant — ZU- 4572 (9) 
and (the product made from Merck) were used. The chemical structure type of the low- 
molecular liquid crystal which used for drawing 1 the chemical structure type of the 
photopolymerization nature monomer, cross linking agent, and photopolymerization initiator which 
were used again, and a chiral dopant is shown in drawing 2 , respectively. In addition, in the 
chemical structure type shown in drawing 1 and drawing 2 , the carbon atom and the hydrogen 
atom are omitted according to an idiomatic style. 

[0019] The mixed solution which prepared the above-mentioned constituent by the 
predetermined presentation was injected into the sandwiches mold eel of non-orientation and 14 
micrometers of eel thickness in the state of the isotropic phase. Photopolymerization was 
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performed by irradiating the ultraviolet radiation of exposure on-the-strength 1 .5 mW-cm -2 
obtained from a metal halide lamp for 1 hour or more, checking that it is in the condition that 
observed the eel into which each sample was injected with the polarization microscope under a 
cross Nicol's prism, and BP was held according to the approach mentioned already. 
[0020] Furthermore, the high sensitivity multichannel photodetector (C4564-010G and 
Hamamatsu Photonics, Inc.) was used, and it went reflectance spectrum measurement of each 
sample before and behind a polymerization in the temperature field between an isotropic phase 
and a chiral nematic liquid crystal phase. The xenon lamp was used as the light source. Table 1 
shows the presentation of each sample at the time of using 2EHA, and Table 2 shows the phase 
transition temperature after photopolymerization of the sample shown in Table 1 obtained by 
polarization microscope observation, and the manifestation temperature requirement of BP. 
;0021] 

!Table 1] 
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[0022] 
iTable 2] 
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[0023] As shown in Table 2, although the manifestation temperature requirement (temperature 
width of face) of BP was 1.1 K (1.1 degrees C), in the condition (sample 1) that a macromolecule 
network does not exist, as for the manifestation temperature requirement of BP, the 
concentration of a macromolecule network was expanded with 6.8K (6.8 degrees C) in the four- 
mol multicomputer system it is [ multicomputer system ] % (sample 2). Furthermore, in the 
multicomputer system beyond 7mol% (samples 3-5), the manifestation temperature requirement 
of BP is as large as more than 60K (60 degrees C), and the concentration of a macromolecule 
network was expanded. This is considered to be based on BP having been stabilized as a result 
of stabilizing the line defect in the molecular arrangement structure and the paragenetic relation 
of BP by having formed the macromolecule network corresponding to the line defect of BP using 
2EHA(s) which are the monomers which have an alkyl group side chain by non-liquid crystallinity. 

[0024] Also when TMHA which has an alkyl group side chain by non-liquid crystallinity like 2EHA 
(s) was used, the remarkable BP manifestation temperature requirement expansion effectiveness 
was accepted, and the manifestation temperature requirement of BP was greatly expanded with 
60 degrees C or more by the almost same presentation as a sample 3. However, although it was 
non-liquid crystallinity, when HA which does not have an alkyl group side chain was used, also in 
the almost same presentation as a sample 3, the manifestation temperature requirement of BP is 
8.2 degrees C, and became small as compared with the case where 2EHA is used. On the other 
hand, it is not dependent on a presentation, the manifestation temperature requirement of BP at 
the time of using 6CBA(s) of liquid crystallinity is almost as fixed as about 2 degrees C, and 
expansion of BP manifestation temperature requirement was not accepted substantially. 
[0025] Drawing 3 shows the polarization microscope observation image of the above-mentioned 
sample 3 as one example of polarization microscope observation. When the temperature was 
made to lower from an isotropic phase ((A) of drawing 3 ), platelets of the blue accompanying the 
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manifestation of BP and yellowish green was observed (B of drawing 3 ). The same image was 
observed in the temperature requirement broad about other samples. 

[0026] Drawing 4 shows the temperature dependence of the reflectance spectrum of a sample 3 
as one example. Unlike the low-molecular-liquid-crystal independent system, the peak resulting 
from the manifestation of BP was observed in the broad temperature requirement ((A) and (B) of 
drawing 4 ). Moreover, the manifestation of the peak corresponding to the pitch length of a chiral 
nematic liquid crystal phase was not observed ((C) of drawing 4 ). Therefore, it became clear 
that the molecular arrangement structure of BP was stabilized at broad temperature. 
[0027] Example 2: In order to evaluate the applicability as an optical modulation element of the 
liquid crystal ingredient according to evaluation this invention of the electro-optics property of a 
liquid crystal ingredient, using electro-optics characterization equipment, a sine wave and 1kHz 
alternating current electric field were impressed to the bottom of a room temperature (20 
degrees C), and the applied-voltage dependency of the electro-optics speed of response and 
transmitted light reinforcement was measured. The used incident light is helium-Ne laser light 
(lambda= 632.8nm), and detection of the transmitted light was performed where ****** is 
rotated 45 degrees to a polarizer. 

[0028] Drawing 5 shows the time dependency of the transmitted light reinforcement when 
impressing the above-mentioned alternating current electric field (80V) to the liquid crystal 
ingredient produced from the sample 3 of an example 1 as one example of a measurement result. 
Transmitted light reinforcement increases to electric-field impression, optical activity is falling, 
and it is understood that the polarization condition of incident light changes with liquid crystal 
ingredients. This is considered to originate in the spiral structure of BP collapsing in what a low- 
molecular-liquid-crystal molecule tends to arrange along the electric-field impression direction. 
Moreover, it started, and fell and the high-speed electro-optics response was both shown as 
compared with about 1 - 2ms, and a nematic liquid crystal. Drawing 6 shows the dependency 
over the square of the applied voltage of transmitted light reinforcement. Since the square of 
transmitted light reinforcement and applied voltage is in proportionality, it can be said that it is 
an electro-optics response behavior accompanying a dielectric constant anisotropy. 
[0029] 

[Effect of the Invention] If this invention is followed, with an electro-optics property with a 
unique blue phase (BP) maintained, the manifestation temperature requirement can be expanded 
sharply and the problem of the straitness of the manifestation temperature which was a failure 
for putting BP in practical use as an optical modulation element will be conquered. The liquid 
crystal ingredient of this invention is available in a temperature requirement broad as a new 
optical modulation element which utilized diffraction and the rotatory-polarization property of 
BP, and can be **(ed) to the new development in the micro optoelectronics field. 
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[Drawing 1] The chemical structure type of the photopolymerization nature monomer, cross 
linking agent, and photopolymerization initiator which were used in the example of this invention 
is shown. 

("Drawing 2] The chemical structure type of the low-molecular liquid crystal used in the example 
of this invention and a chiral dopant is shown. 

fD rawing 3] One example of the polarization microscope photograph of the liquid crystal 
ingredient sample according to this invention is shown. 

[Drawing 4] One example of the temperature dependence of the reflectance spectrum of the 
liquid crystal ingredient sample according to this invention is shown. 

fDrawing 5] One example of the time dependency of transmitted light reinforcement when 
alternating current electric field are impressed as aa electro-optics property-of a liquid crystal 
ingredient of following this invention is shown. 

[Drawing 6] One example of the relation between transmitted light reinforcement and applied 
voltage is shown as an electro-optics property of a liquid crystal ingredient of following this 
invention. 
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[ Drawing 1] 
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(1) Photrnpolyniertzebte monomer : 2^ethyfli£zy1 srryUte (IZBA) (Aidricb Co^ LTD.) 




(2) Photo-polymcrfrsirtc mnnomrr : hcxyt arryietr (HA) (Aldzieh Co, LTD.) 
M - 156*23 pmor* 



(3) Pbcta-p<>lymcrtxaJWe monomer : 3. 5, 5-trimethylb**yI aerylatc (TMHA) (AJdrkh Co^ LTD.) 
M-19&30 raol" 



(4) FhntD-poiymerbmble liquid crystalline z 
M«= 349.42 g-moH K 327 N 350 I 



(5) Crow linker : RM257 (Merck Co^ LTD.) 
M«S8&tf)gfnoF K 337 M 3991 




(6) Pbcto fntttttn r : 2^- dimrtf mTy-2-phenyl scetopbesone (Mock Dl, LTD.) 
M- 25630 pmaH 



[Drawing 3] 




(A) T=3lf.6K 




{ B) T°a.5K 

[Drawing 61 




[Drawing 2] 
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